INTRODUCTION {#S1}
============

Medical students and interns in Nigeria have a poor understanding of different ways of expressing concentrations of drugs in solution and calculating doses of drugs from ampoules and vials of injections for paediatric use. These deficiencies were very glaring amongst interns who did their internship at the Lagos State University Teaching Hospital (LASUTH), Ikeja, over the past three years, especially during their paediatric attachment. The interns were graduates of different medical schools from Nigeria and abroad. No study has been done to support this claim. However, the interns admitted to being deficient in paediatric drug dose calculations. The deficiencies were attributed to lack of formal teaching of the topic in their various medical schools. For this reason, efforts were usually made by the resident doctors and consultants to teach the interns and medical students drug dose calculations during ward rounds and bedside teaching during paediatric attachment. Similarly, the prescriptions written by interns were regularly supervised and reviewed by both the residents and consultants to minimise prescribing errors.

Prescribing errors are the most common cause of preventable adverse drug events.[@B1] Errors in the use of dosage equations account for more than 15% of all medication prescribing errors in America, with significant potential for producing adverse effects.[@B2] Poor understanding of different ways of expressing the concentration of drugs in solution, dose calculation errors, and drug administration errors appears to be a global problem for medical students and doctors.[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9] At the Lagos State University College of Medicine (LASUCOM) and many other medical schools in Nigeria, dose calculations of drugs in children were rarely taught in a formal lecture to the medical students in both pharmacology and paediatric. As a way of minimising drug dose errors, it was recommended that ampoule and vial labels be standardised to mass concentration[@B10], and drug administration, as well as dose calculations, be taught in either clinical anaesthesia or pharmacology.[@B10],[@B11],[@B12] The good effect of an online teaching module designed to improve medical students' drug dose calculations and administration skills at the University of Cambridge, UK has been reported.[@B13]

The fifth year medical students who had completed their paediatric attachment and due for 3rd MBBS professional degrees examinations were assessed for their knowledge of drug dose calculations in children. Many of the previous studies have concentrated on drugs in solution[@B3],[@B4],[@B5],[@B6],[@B7]; however, none has assessed the ability of medical students and doctors to accurately calculate drug doses in syrup, suspension and tablet formulations.

This study was therefore aimed to determine adequacy of knowledge acquired by medical students to calculate paediatric drug doses in injections, syrup, suspension, and tablet formulations after their paediatric attachment.

METHODS {#S2}
=======

Setting {#S3}
-------

Medical students in their 5th year at the Lagos State University College of Medicine (LASUCOM), Ikeja were involved in the study. These are the third set of medical students admitted since the inception of the College in 1998. The class consisted of 75 students of whom 52 consented to partake in the study. The students had completed their paediatric attachment and were about to write 3rd MB; BS degrees professional examinations in the month of October, 2007. During their attachment in paediatrics, they had didactic lectures in general and systemic paediatric health problems, as well as infectious diseases for 6 months. However the lectures did not include drug dose calculations. In addition to the lectures, the medical students took part in clinical aspects of paediatrics such as attending the outpatient clinics, children emergency room (CHER), ward rounds and bedside teachings, clinical meetings and hospital ground rounds. During the rounds in the CHER, neonatal wards, and on the children's wards, medical students were sometimes taught drug dose calculations.

Questionnaire Design {#S4}
--------------------

A structured questionnaire; in the form of multiple choice questions, designed by two of the researchers (KAO and IOS), was the survey instrument. The questionnaire was divided into six parts; five of which were in multiple choice question (MCQ) forms. While the first part sought information about the demography of the students, the other parts investigated their knowledge on drug dose calculation from ampoules of injections, a vial of injection, syrup, suspension and tablet. Drugs that were readily available in the hospital, used very often on the wards and CHER were used for illustrations; believing that the students would be very familiar with them. Drugs used for the illustrations were a vial of ceftriaxone injection (1g/2mL powder); ampoules of adrenaline (1mg/1mL), gentamicin (80mg/2mL), chloroquine phosphate (200mg base/ 5mL), and sodium bicarbonate (8.4% w/v of 10 ml); quinine syrup (100mg/5mL); cefuroxime suspension (20mg/5mL) and artesunate tablet (50mg/tablet). Clinical scenarios, where these drugs were recommended for use, were given to the students and various different doses of the drugs were to be determined.

About the injections, knowledge of the medical students on how to constitute a vial of injection into solutions and how to measure out low doses of the injection in milligram and millilitres from the solution were investigated. Re-dilution of low dose of drugs in milligram and millilitre from ampoules of injections was also investigated. Knowledge of constitution of powder/granules to suspension and dose calculations in both milligram and millilitre from the suspension and syrup were equally assessed. Some tablets, especially the slow releasing ones, are available as breakable drugs. Knowledge of doses of such tablet in milligram and unit numbers was also investigated.

Questionnaire Administration {#S5}
----------------------------

The questionnaire was administered to the students immediately after writing the end of paediatrics attachment assessment examination; to be filled and returned on the spot. They were allowed a maximum of one hour to answer the questions. All the students were given access to the national drug formulary and electronic machines to assist them in the calculations

Ethical Considerations {#S6}
----------------------

Permission to conduct the study was obtained from our institutional ethics committee. The students were informed to maintain anonymity in the filling of the questionnaire and were assured that their responses would not count against them in their performances in the assessment examination.

Data Analysis {#S7}
-------------

Each correct answer was counted as one and a wrong answer as zero. The total number of correct answers to each question represents the recorded frequency. An acceptable 50% pass rate was used in this study because this was the minimum pass rate used in the end of posting assessment examination. Analysis of data was by SPSS 13.0 statistical package. Frequency distribution and proportion were determined for all the assessed parameters. Fisher's exact and chi-square tests were the non-parametric statistical tests used to compare performance relationships between students' gender and drug types at a significant level of p\<0.05.

RESULTS {#S8}
=======

Fifty-two students (69.3%) took part in the study, majority (53.9%) were in the age group of 20-24 years (age range 20-34 years), 30 (57.7%) were female and 22 (42.3%) male. Thirty-six (69.2%) were taught drug dose calculations in neonatal posting, 30 (57.7%) were taught during ward rounds and bed-side teaching, and 22 (42.3%) were taught in paediatric emergency room.

During the paediatric attachment, drug dose calculations were taught to the students by 17 (47.2%) junior residents, 14 (38.9%) senior residents and 3 (8.3%) consultants. Only15 (41.7%) students claimed they understood drug dose calculations, of whom 12 (80%) were satisfied with the teaching. Many of the students (42.3%) believed that drug dose calculations should be taught in pharmacology, paediatrics, medicine, surgery, obstetrics and gynaecology, and anaesthesia; 9 (17.3%) students believed they should be taught in pharmacology, paediatrics and anaesthesia; and 6 (11.5%) be taught only in pharmacology. Pharmacology (48.1%), anaesthesia (28.9%) and paediatrics (13.5%) were ranked the first subjects where drug dose calculations should be taught.

Drug dose calculation from a vial of injection {#S9}
----------------------------------------------

For appropriate dilution of one gramme, 2 mL powder of ceftriaxone injection, only 14 (26.9%) and 3 (5.8%) students, respectively, identified 6 mL and 3 mL sterile water for its constitution into solution so as to enable them measure accurately the required small dose. Based on the hypothetical clinical scenario used for illustration, only14 (26.9%) students were able to correctly calculate the amount of injection in milligram per day and in divided doses, respectively, required by the patient. The volume equivalent of the injection in millilitre was correctly calculated by only 9 (17.3%) students. The students' performances in drug dilution and dose calculation in milligram were significantly better than the expected 50% pass rate (p\<0.05, Chi-square test). However, there were no significant differences in the proportion of male and female students that diluted the injection correctly (p=0.52, Chi-square test) and calculated the required dose in milligram (p=0.08, Chi-square test)

Dose calculation from an ampoule of injection {#S10}
---------------------------------------------

Four different injections were used for illustrations, viz: adrenaline (1 mg/1 mL ampoule), gentamicin (80 mg/ 2mL ampoule), chloroquine phosphate (200 mg base/ 5 mL ampoule), and sodium bicarbonate (8.4% w/v of 10 mL ampoule). [Figure 1](#F1){ref-type="fig"} shows that less than 50% of the 52 students were able to calculate the correct doses of adrenaline, gentamicin, chloroquine, and sodium bicarbonate injections required by the patient. However, dose calculation was relatively better with adrenalin when compared with the other injections. For both adrenaline and gentamicin injections that required re-dilution to achieve the desired concentration, only 9/52 (17.3%) students were able to determine the appropriate volume of sterile water required to re-dilute each of the injections. The volume in millilitre; equivalent to the required total dose in milligram for each of the injections, was correctly calculated by less than one-tenth of the students. There were no significant differences in the proportion of male and female students that calculated correctly the required doses in milligram for adrenaline (p=0.32, Chi-square test) and gentamicin (p=0.61, Chi-square test).

![Dose calculation from ampoules of different injections.](pharmpract-06-191-g001){#F1}

Comparing the dose calculations in milligram and millilitre for adrenaline and each of the other injections, there was no significant difference in the proportion of students that calculated the doses correctly for adrenaline and gentamicin (p=0.53, Fischer's exact test), adrenaline and chloroquine (p=0.67, Fischer's exact test), and adrenaline and sodium bicarbonate (p=0.33, Fischer's exact test). The students' performance in dose calculation in milligram with adrenaline was not significantly different from the expected 50% pass rate (p=0.07, Chi-square test) but significantly woeful with gentamicin (p\<0.01, Chi-square test), chloroquine (p\<0.001, Chi-square test), and sodium bicarbonate (p\<0.001, Chi-square test). Dose calculations in millilitre was however a major problem of the students. Their performances were significantly poor for each of the injections when compared with the 50% pass rate (p\<0.001, Chi-square test).

Dose calculation from syrup/suspension {#S11}
--------------------------------------

Quinine syrup and cefuroxime suspension were the drugs used for illustrations. [Table 1](#T1){ref-type="table"} shows that many of the students could not accurately calculate the drug dose parameters for quinine syrup. Only 8/52 (15.4%) students were able to correctly determine the dose of quinine in mg/dose and 18/52 (34.6%) correctly determined the dose in mL/dose. Similar pattern of deficiencies in dose calculations was shown with cefuroxime suspension which is shown in [Table 2](#T2){ref-type="table"}. Only 6/52 (11.5%) students were able to correctly determine the dose of cefuroxime in mg/dose and 17/52 (32.7%) correctly determined its equivalent in mL/dose. The proportion of female students that calculated the correct doses of quinine syrup and cefuroxime suspension in mg/dose and mL/dose were significantly higher than those of their male counterparts (p\<0.05 and p\<0.01, respectively; Chi-square test).

###### 

Dose calculation from quinine syrup. Number of students with correct response (n= 52)

  ----------------------------------- ---- ------
                                      N    \%
  Amount of dose in mL/dose           18   34.6
  Total dose in mL/day                18   34.6
  Total dose in mL/treatment course   13   25.0
  Total dose in mg/treatment course   12   23.1
  Amount of drug in mg/dose           8    15.4
  Total dose in mg/day                8    15.4
  Total dose in mg/kg                 7    13.5
  Total dose in mL/kg                 7    13.5
  ----------------------------------- ---- ------

###### 

Dose calculation from cefuroxime suspension. Number of students with correct response (n= 52)

  --------------------------------------------------- ---- ------
                                                      N    \%
  Volume of sterile water required for constitution   19   36.5
  Amount of drug in mL/dose                           17   32.7
  Total dose in mL/day                                13   25.0
  Total dose in mL/treatment course                   13   25.0
  Amount in mg/bottle                                 12   23.1
  Total dose in mg/treatment course                   10   19.2
  Number of required bottles /treatment course        9    17.3
  Total dose in mg/day                                8    15.4
  Total dose in mL/kg                                 7    13.5
  Total dose in mg/kg                                 6    11.5
  Amount of dose in mg/dose                           6    11.5
  --------------------------------------------------- ---- ------

When doses calculated in mg/dose and mL/dose for adrenalin injection were compare with those of quinine syrup and cefuroxime suspension, there were significant differences (adrenaline and quinine, p=0.005; adrenaline and cefuroxime p=0.003: Fischer's exact test. Contrarily, there was no significant difference in mg/dose and mL/dose concentrations calculated for quinine syrup and cefuroxime suspension (p=0.47, Fischer's exact test). Comparing the performances of the students with the 50% expected pass rate, the students performed significantly well in calculated dose in mL/dose for quinine syrup (p=0.09, Chi-square test) but significantly woeful in calculated dose in mg/dose (p\<0.001, Chi-square test). Similarly, performance of the students was significantly good with dose calculation in mL/dose for cefuroxime (p=0.07, Chi-square test) but significantly poor for calculation in mg/dose (p\<0.001, Chi-square test).

Dose calculation from tablets {#S12}
-----------------------------

Artesunate was the tablet used for illustration; eight (15.4%) students were able to determine the total drug in milligram required for a full course treatment of malaria. The equivalent number of tablets needed by the patient for a full course treatment was correctly determined by seven (13.5%) students. Only five (9.6%) students were able to accurately determine the number of tablets per dose required by the patient.

DISCUSSION {#S13}
==========

A response rate of 69.3% was obtained in this study. Even though this was a high rate, the proportion of non-participating students was rather significant. A plausible explanation for this is that, most likely, many of these students were among those that did not do well in the end of attachment assessment examination. Having made a self assessment of their poor performance in the examination, they got easily disinterested in the study. Therefore, a short coming of this study was a wrong timing for the questionnaire administration.

We found that medical students were deficient in all aspects of drug dose calculations. However, they were better off in dose calculation with adrenaline, compared to other injections illustrated in ampoules. This finding is a contrast to reports of previous studies[@B3],[@B4],[@B6],[@B7],[@B14] where dose calculation with adrenaline was a major problem. This improvement may be attributed to the mass concentrated adrenaline used for our illustration instead of the ratio labelled types used in the previous studies. This finding further support previous studies that recommended standardized mass concentration (mg/mL) of adrenaline.[@B4],[@B7],[@B14]

We also observed that the students performed fairly well in dose calculation with syrup and suspension. This must have resulted from their familiarisation with syrup and suspension administration by parents to their children on admission. Injections were, most of the time, administered by the nurses; thus medical students may not be opportune to get familiar with dose calculations with injections. Experience, familiarity and frequent practice with drug administration tend to reinforce drug dose calculations of nurses[@B15]; yet it was indicated by the students that nurses were not among those who taught them drug dose calculations during their paediatric attachment. The females were observed to significantly perform better than their male counterparts in dose calculations with syrup and suspension. This may be because female medical students tend to attend CHER and ward rounds or spend time with children on admission more than their male counterparts.

Adrenaline was purposively used for illustration in this study because it is a major drug for resuscitation in paediatrics. Drug dose errors had been reported to be especially high during resuscitation and with resuscitation drugs[@B16]; such error was similarly associated with adrenaline injection in this study. However, the clinical consequences of adrenaline overdose that might have followed the incorrect dose calculations made by the students may not be as grave in children as in adults.[@B14]

Dose calculation errors were not limited only to injections but may also involve syrup/suspension and tablets as observed in this study. Physicians and nurses involved in previous studies from America[@B2],[@B17] and UK[@B4],[@B18],[@B19], regarding dosage regimen calculation have been reported to perform very poorly on the standardized tests similar in magnitude to the ones observed in this study. It was therefore evident that drug dose calculation error would continue to remain a global problem unless adequately and formally taught in the medical schools.

The overall poor performance of the students in all aspect of drug dose calculations is of great concern. This may therefore necessitates inclusion of formal teaching of drug dose calculations in undergraduate medical curriculum in Nigeria. A good way to achieve this is to include teaching of the topic in pharmacology and/or paediatrics lectures. The students should also be made to practise many exercises on drug dose calculations in the undergraduate pharmacology practicals; similar to the method proposed by Parmar *et al*.,[@B12] in India for teaching dose calculations for intravenous infusion. It is also very likely that the topic would be embraced by the students, if introduced into the curriculum, as evident by the 42.3% students that wanted drug dose calculations formally taught in pharmacology, paediatrics, medicine, surgery, obstetrics and gynaecology, and anaesthesia.

The ranking of teaching of drug dose calculations first and foremost in pharmacology, followed by anaesthesia and paediatrics, showed that formal teaching of the topic could begin in pharmacology and further teaching is done in anaesthesia and paediatrics so as to reinforce the assimilation and knowledge of the students on this topic; a very good strategy of learning.[@B20] The Nigerian Medical and Dental Council (NMDC); a body that regulates medical education in Nigeria, should emulate the General Medical Council of the UK on undergraduate medical education[@B21] by recommending a good knowledge and skill of drug dose calculation as a pre-requisite for pre-internship registration.

Only drugs commonly used in paediatric treatments that likely had been seen by the students were used for the illustrations in this study. Drug dose calculations using body surface area (BSA) was excluded from the study because such calculations are limited to a few numbers of drugs such as anticancer drugs and the method of calculation is more cumbersome.[@B22]

A potential criticism of this study is that the students were not formally taught drug dose calculations; therefore the effect of teaching the topic could not be assessed. We however limited ourselves to this study since we only aimed at assessing the adequacy of the knowledge acquired by the students on drug dose calculations during their attachment in paediatrics. Further studies are therefore suggested to assess the impact of formal teaching of the topic to students. A questionnaire based study like this may not be able to provide insights into the problems and confusion encountered by the students while under pressure in real clinical settings. We therefore suggest further studies that would include clinical simulation to ascertain the confidence to carry out drug dose calculations with accuracy in a clinical setting by the tomorrow's doctors. Guessing is also a major set back of MCQ examinations. However, awarding no penalty for any wrong answer would likely give room for more guess, thus the responses obtained may not me a true reflection of the students' knowledge. Lastly, the study population was small and involved only one medical school. The generalizability of our findings is therefore unknown. Further study that would involve students from other medical schools in Nigeria is therefore suggested.

CONCLUSIONS {#S14}
===========

Undergraduate medical students of the LASUCOM were deficient in paediatric drug dose calculation. However, they were willing to learn if the topic was introduced into their curriculum. Formal teaching of drug dose calculations and reinforcement during ward rounds and bedside teaching would appear to be needed. We therefore recommend that drug dose calculations are given a prominent place in the undergraduate medical curriculum in Nigeria whenever it is due for a review.
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